Background. Cargo ships are medically isolated, yet neglected environments. We aimed to know about medical events onboard cargo ships. Methods. We reviewed all the medical events onboard a large commercial 471-cargo ship company for 4 years. Medical events were recorded within 20 categories as routinely used by Medical Maritime Consulting Centers, using a 4-level medical gravity score. The v 2 test and logistic regression and correspondence analyses were used for the
Introduction
At sea, cargo ships can be regarded as medically isolated, exposing onboard personnel to suboptimal health care. [1] [2] [3] This situation is in part anticipated by the fact that all seafarers benefit from a pre-employment fitness exam; and that all cargo ships have a standardized medical equipment. A few published reports are providing indications about the health problems encountered on board including traumatology, cardiovascular emergencies, addictions, substance abuse and infectious diseases. 4 However, data are limited to case reports 5 Original Article small series with a limited follow-up targeting one specific type of maritime transport such as ferries 6, 7 or one specific group of pathology such as infections. 8 However, these data from the literature correspond to case reports or very small series monitoring small vessel fleets over short periods. 9 No synthesis work has been published allowing to soundly measure the prevalence and the incidence of medical issues onboard commercial fleets nor identify the risk factors of these medical issues in order to optimize their prevention, their diagnosis and their management onboard ships whose staff is not completely without medical means. In this study, we have taken all of the data concerning one of the main maritime companies over a span of 4 years and present an analysis of risk factors associated with medical issues onboard merchant ships in order to optimize medical means onboard those ships. Based on our expertise, we emphasize infections due to the particular collective threat posed by contagious diseases. This study was also used as a model for population medical care in medically isolated environments.
Materials and Methods

Study Design
We performed a 48-month retrospective study (January 2012-December 2015) of all medical events excluding injuries registered onboard 471 cargo ships of a large commercial company (CMA CGM, Marseille, France). Every ship cruises 350 days a year and is composed of 23 sailors per ship. The specific provision of medical material also depends on the flag. In a general way, provisions depend on three essential parameters: the sailor workforce on board, the duration and distance of navigation and the response time of the rescue teams. All ships profit from a type « A » medical provision (reserved for navigations without any limit of duration or destination for a workforce of 25 sailors). We have included all the sailors who have been submitted to a medical examination of periodic aptitude. The captains are responsible for the crew and have followed the "Medical3" medical training, renewed every 5 years, which delivers the ability to raise the alert to physicians of the telemedical service (TMAS) and administer medical care under medical instruction through telemedicine. Medical events reported in the medical log were recorded within 20 categories as routinely used by TMAS doctors by phone after exposure of the symptoms and clinical case to the captain. The captain of the ship is the person who decides which TMAS should be contacted. In the majority of cases French flag ships call the French TMAS "CCMM" in Toulouse and international flag ships call the "CIRM" in Roma. They report the data as usual and the access is generally by phone (Table 1) . Data collection was realized with illness declarations made by the captain to the medical service of the CMA CGM. To go further, we established a medical severity score as follows: 0: no element, 1: Onboard care, 2: Repatriation on land without rerouting, 3: Rerouting and/or hospitalization, 4: Death within 30 days of the medical event. We could not confirm the certainty diagnosis in the hospitals where the sailors were repatriated when necessary, for the sake of medical confidentiality and file access. As for statistical analysis, we have merged the severity categories according to the following modalities: severity 3 and severity 4 under the designation "high severity", severity 2 under the designation "intermediary severity"; finally, we have not taken into account the 0 and 1 severity categories as they are negligible (nine events of severity 0 and two events of severity 1 with onboard care). We have ascertained the maritime routes at risk taken by those merchant ships and have merged them into seven regional categories according to the stops ( Figure 1 ).
Statistical Analysis
We have used the R language and environment to perform the statistical analyses. 10 The v 2 test, logistic regression and correspondence analyses were used for analysing qualitative variables. Taking in account the different travel lengths, we have used incidence densities (Person-Year-PY) for evaluating the infectious risks, the composition of the population at risk being unchanged for each maritime route.
Results
Descriptive Data
In one large cargo ship company, for over 48 months, a total of 322 illness events were notified by onboard health officers for Table 1 . Eleven categories of medical events recorded on-board cargo ships as used in this study 
Category of infection Infectious diseases
Digestive À Gastroenteritis À Appendicite À Hepatitis A À Pancreatitis À Peptic ulcer À Inguinal infection À Gallbladder infection À Diverticulitis Skin À Abcess À Extra Pulmonar Tuberculosis (EPTB) À Swelling cyst À Ringworm À Chickenpox À Overinfected cut À Dermo-hypodermitis À Tinea cruris À Wart À Fungal
Affected Sailors
All affected sailors were males. The mean age for sailors diagnosed with infection (37.7 6 10.5 years) was significantly younger than the mean age of sailors diagnosed with non-infectious disease (40.8 6 11.2 years) (P ¼ 0.04). In affected sailors, the proportion of death and hospitalization among infectious disease cases (24/69, 34.8%) was significantly higher than the proportion of death and hospitalization for non-infectious disease cases (45/242, 18.6%) (P ¼ 0.02) ( Table 2 ).
Sea Routes
Due to the nesting of the route factor and the duration of the sea journey, the duration being direct function of the route extend, the infectious risk has been evaluated in PYs. A first exploratory step using correspondence analysis (Figure 2) showed that the routes may be classified according to two main independent risks, digestive infections and skin infections. The first one is more specific to the routes "Pacific East Coast 2-Asia-Caribbean" and "Europe-Pakistan-India Consortium", while the second one is more specific to the route "Europe Caribbean" and French-Asia Line 1". However, this frame could not be statistically confirmed, due to the low numbers. A logistic regression analysis indicated an absence of significant correlation between the sea route and the prevalence of infections, and regardless of the sea route, the prevalence of infections did not significantly correlate with the duration of the sea journey (Table 3) . The most important infectious risk varied from 2.4Â10 À4 (equivalent to 90.7 infectious events for 1000 PY) on the sea route « Asia West Africa Service »; to 9 Â 10 À5 (equivalent to 34 infections for 1000 PY) on the sea route "North and East Asia Australia"; 6 Â 10
À5
(equivalent to 22.7 infections for 1000 PY) on the sea route "Europe Caribbean", « Swahili Express », "Asia New Zealand Express" and "Kiwi International Express". The other infectious risks raised to 5.4 Â 10 À4 (equivalent to 19.8 infections for 1000 PY) on the sea route "North Europe OI Australia India"; 5 Â 10 À4 (equivalent to 18.9 infections for 1000 PY) on the sea route "Mediterranean Club Express", to 4.6 Â 10 À5 (equivalent to 17 infections for 1000 PY) on the sea route "French Asia Line 1" and "Europe Pakistan India Consortium"; 4 Â 10 À5 (equivalent to 15 infections for 1000 PY) on the sea route "Pacific East Coast 2 Asia Caribbean; 3 Â 10 À5 (equivalent to 11.3 infections for 1000 PY) on the other routes. Considering the severity of medical events, we observed a statistically significant correlation between this severity and the maritime route "North Europe-OI-Australia-India-North Europe" (P ¼ 0.023).
Discussion
We are presenting a large series of medical events onboard cargo ships, after similar studies have been reported for 7 years. 7, 9, [11] [12] [13] The fact that, as previously reported, the prevalence of medical events was stable over the 4-year study period, pleads for the validity of the data here reported. 7 However, the low number of registered infections (n ¼ 72) along with the specificities of the only one cargo ship company based in France here investigated (i.e. specific maritime routes, specific on-board working rules) may limit the generalization of data here reported, to other situations and other cargo ship companies. It would be therefore of interest to report similar studies for other companies. We observed that medical events were rare among sailors sailing on cargo ships, with an estimated prevalence ranging from 10 À4 to 10
À5
. This observation is in accordance with a previous comparable study, 9 reporting a comparable weight of infectious diseases (22.3% in our study vs 21.1%). However the infectious diseases' category profiles show important differences between these two studies: our population is characterized by a Figure 2 . Biplot of a canonical correspondence analysis conducted on routes crossed with infectious diseases. Axis 1 21.5% inertia, axis 2 18.7% inertia higher level of infectious gastrointestinal illnesses (35% vs 7.5%), skin infections (24% vs a marginal and not reported level) and infectious genitourinary illnesses (11% vs a marginal and not reported level). At the opposite the studied population is less exposed to acute respiratory illnesses (4% vs 75%). These medical events were not randomly scattered among the various situations. Indeed, by focusing on infections which were roughly accounting for one-fourth of all medical events, we observed a 9-fold ratio in the prevalence of infections depending on the maritime route with, in our specific dataset, an Asia-West Africa maritime route which was significantly associated with a higher risk than with the other maritime routes. In this situation, younger sailors were significantly at risk of infections. Further studies may detail which at-risk behaviours are responsible for this fact, either the onboard confinement linked to in-board social activities 14 or at-risk behaviours during stops. Accordingly, the prevalence of infections was significantly linked to the duration of the maritime journey. Identifying these at-risk behaviours may found increased awareness and strategies for prevention as common prevention tools including hand washing and hand sanitizers are already available on-board. Moreover, we observed that the severity of medical events (including infections and non-infectious events) was significantly associated with one particular maritime route (Europe Oceania route) most probably explained by the particularly long duration of this route (91 days). We further observed that, regardless of the maritime route, infections were significantly more severe than non-infectious events in terms of mortality and requirement for hospitalization of the affected sailors. Indeed, onboard deaths due to infections have been reported despite the availability of the onboard regulatory medical provision which includes numerous anti-infectious drugs. 15 Accordingly, illness rather than injury has been found to be a major cause of repatriation in a comparable 4-year study. 12 In later study, nationality of the sailor was found to be significantly associated with repatriation; this variable was not here studied due to ethical considerations. This observation suggests that a current issue may not be the availability of effective anti-infectious treatment on-board, but rather the availability of effective diagnosis of infections. 16 Accordingly, some case reports illustrated the lack of timely, appropriate diagnosis of infection. [17] [18] [19] It has been previously proposed that a standardized medical chart including digital images would be helpful. 7 To go further, the availability of a point-ofcare laboratory on board allowing for a rapid, syndrome-based testing and reporting for infection, may help limiting health hazard due to onboard infections including the dissemination of the pathogen. 20 In conclusion, the data here reported supports the utility of enforcing a modern diagnosis and reporting of infections on-board cargo ships embarking young sailors for several week-long rotations at specified destinations; in order to further optimize the medical follow-up and management and to limit the technical and economic consequences of onboard infections.
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